Background: Epidemiologic studies have reported the association of X-ray repair cross-complementary group 1 (XRCC1) Arg399Gln polymorphisms with susceptibility to squamous cell carcinoma of the head and neck (HNSCC). However, the results were conflictive rather than conclusive. The purpose of this study was to clarify the association of XRCC1 Arg399Gln variants with HNSCC risk.
Introduction
The global incidence of squamous cell carcinoma of the head and neck (HNSCC) is 540,000 per year, with an annual mortality rate of 271,000. HNSCC is a malignant disease of the upper aerodigestive tract, including oral, pharyngeal and laryngeal regions. HNSCC occurs most commonly in men between the sixth and seventh decade of life. Epidemiologic data have shown that tobacco smoking and alcohol consumptions are the main etiological factors in the carcinogenesis of squamous cell carcinoma of the head and neck [1] .
Although a majority of people are exposed to such risk factors, only a small fraction of them develop HNSCC [2] . This indicates that an individual's susceptibility might play a certain role in HNSCC carcinogenesis. Recently, Increasing evidence has been accumulated to support the hypothesis that common genetic polymorphisms in genes involved in DNA repair capacity may be of importance in determining an individual's susceptibility to develop HNSCC [3] [4] [5] [6] .
XRCC1 is a major DNA repair gene involved in base excision repair (BER) and single-strand breaks (SSBs) repair. XRCC1 interacts strongly with Poly [ADP-ribose] polymerase 1 (PARP1), which recognizes SSBs, and LIGIII that seals SSBs and BER intermediates [7] . Several single nucleotide polymorphisms (SNP) have been identified in the XRCC1 gene, three of which (Arg194Trp, Arg280His and Arg399Gln) occur within conserved sequences, as described by Shen et al [8] . A polymorphism Arg399Gln (rs25487) leads to amino acid substitutions (exon 10, G-A). This mutation could alter XRCC1 function, diminish repair kinetics, and influence susceptibility to adverse health effect, such as cancer. To date, a number of studies have investigated the association between XRCC1 Arg399Gln polymorphisms and HNSCC risk [1, 3, 5, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . However, the results from epidemiologic studies have been inconsistent. Moreover, Li et al [5] conducted a meta-analysis on the association of XRCC1 Arg399Gln polymorphisms with HNSCC risk in 2007 and did not observe any significant association based on 7 published studies. Ever since, several new studies have provided additional data on the association between XRCC1 Arg399Gln polymorphisms and HNSCC risk. In order to address a more precise estimation of this relationship, a meta-analysis including a total of 18 studies was performed, which may provide the more comprehensive evidence for the association of XRCC1 Arg399Gln variants with HNSCC risk.
Materials and Methods

Literature and Methods
Systematic searches in Pubmed/Medline, Elsevier, Science Direct, Chinese National Knowledge Infrastructure (CNKI) and Chinese Biomedical Literature Database were performed using the following search terms: ''head and neck cancer'' or ''oral cancer'' or ''larynx cancer'' or ''pharynx cancer'' and ''polymorphism'' and ''XRCC1''. Additional studies were identified using the reference lists of the selected papers. The ending date of publication search was March 1, 2013.
The following criteria were used for study selection: (1) The papers should evaluate the association between XRCC1 Arg399Gln polymorphisms and HNSCC risk; (2) Case-control studies or cohort studies; (3) Sufficient data were used for estimating OR with 95% CI; (4) When more than one article was identified for the same study population, we included the publication containing more information. The exclusion criteria were (1) studies on nasopharyngeal cancer; (2) studies that could not offer the number of cases and controls or other essential information; (3) reviews or studies with overlapping patient populations; (4) studies without histologically confirmed information for HNSCC.
In total, 30 published articles were identified with the association between XRCC1 Arg399Gln polymorphisms and head and neck cancer risk. We reviewed all papers in accordance with the criteria listed, above; seven studies without histologically confirmed information for HNSCC, three overlapping studies and two reviews were excluded. At last, 18 original articles that reported the association between XRCC1 Arg399Gln polymorphisms and HNSCC risk were determined to be eligible to enter our study ( Figure S1 Flow diagram) .
Data Extraction
Data were carefully extracted and tabulated by two of the authors independently, and then inputted into an electronic database. The following information was subtracted from each study: author's name, publishing date, country, ethnicity of subjects, source of control, total number of cases and controls and number of every genotype. If the study provided stratum information, the data coming from similar stratum were added up to make full use of the data. Characteristics of selected studies were summarized in Table 1 .
Quantitative Data Synthesis
The strength of association between XRCC1 Arg399Gln polymorphisms and HNSCC risk was measured by OR with 95% CI. Data were combined using both a fixed-effects model and a random-effects model [24] . Heterogeneity was assessed by the Cochrane Q statistics test. The fixed-effects model is applied when the effects are assumed to be homogenous, while the randomeffects model is applied when they are heterogeneous. The potential publication bias was firstly estimated by visual inspection of the funnel plot. An asymmetric plot suggests a possible publication bias. The funnel plot asymmetry was assessed by the methods of Egger's test and Begg's test [25, 26] . We tested whether genotype frequencies of controls were in Hardy-Weinberg equilibrium (HWE) using the x 2 test. All of the statistical tests used in this meta-analysis were performed with Review Manager (Version 5.0.24.0, the Cochrane Collaboration) and STATA10.0 software package (Stata Corporation, College Station, Texas). All the tests were two-sided, a P value of less than 0.05 for any test was considered to be statistically significant.
Results
Meta-analysis Databases
A database was established according to the extracted information from all eligible articles. Essential information was listed in Table 1 , which indicated the first author's name, year of publication, source of control, country, ethnicity of subjects, the number of case and control and P value of HWE. There were a total of 18 studies with 3917 cases and 4560 controls concerning the XRCC1 Arg399Gln polymorphisms related to HNSCC risk.
Test of Heterogeneity
The heterogeneity of XRCC1 codon 399 Gln/Gln vs. Arg/Arg, Arg/Gln vs. Arg/Arg and Gln/Gln+Arg/Gln vs. Arg/Arg was analyzed for 18 identified studies. The results showed that XRCC1 codon 399 Gln/Gln vs. Arg/Arg, Arg/Gln vs. Arg/Arg and Gln/ Gln+Arg/Gln vs. Arg/Arg for Caucasians and oral squamous cell carcinoma, Gln/Gln vs. Arg/Arg for healthy population-based control and larynx squamous cell carcinoma, and Arg/Gln vs. Arg/Arg for hospital-based control and healthy population-based control had no heterogeneity with a P value $0.05, therefore, we analyzed the summary odds ratios for them with a fixed-effects model. Random-effects model was used to analyze the summary ORs for the rest. Table 2 listed the summary ORs of XRCC1 Arg399Gln polymorphisms related to HNSCC risk on the basis of 3917 cases and 4560 controls. We did not observe any association of XRCC1 Arg399Gln polymorphisms with HNSCC risk in the total population (OR = 0.95, 95% CI: 0.76-1.19 for Gln/Gln vs. Arg/Arg (Fig. 1) , OR = 1.05, 95% CI: 0.92-1.20 for Arg/Gln vs. Arg/Arg (Fig. 2) , and OR = 1.03, 95% CI: 0.90-1.18 for Gln/ Gln+Arg/Gln vs. Arg/Arg (Fig. 3) ) based on 18 identified studies including 3917 cases and 4560 controls. In subgroup analysis, we observed an increased risk of XRCC1 codon 399 Arg/Gln genotype for HNSCC in Caucasians (OR = 1.20, 95% CI: 1.00-1.44) and Gln/Gln genotype for larynx squamous cell carcinoma (OR = 1.63, 95% CI: 1.10-2.40). We did not observe any association between XRCC1 Arg399Gln variants and HNSCC risk in additional subgroup analyses (Table 2) .
Quantitative Data Synthesis
Bias Diagnosis
Publication bias was assessed by funnel plot, the shape of the funnel plot seemed to be approximately symmetrical (Fig. 4, 5, 6 ). The results from Egger's test and Begg's test indicated that there were no obvious publication biases in our current meta-analysis (Table 2) .
Sensitivity Analysis
Sensitivity analyses were conducted to determine the influence of the individual dataset on the summary ORs by sequential removal of each eligible study. The overall effects were not altered when the studies were homogenous for Gln/Gln vs. Arg/Arg, Arg/Gln vs. Arg/Arg and Gln/Gln+Arg/Gln vs. Arg/Arg among total population by removing some eligible studies (Fig. S2, S3 , S4). 
Discussion
XRCC1 is an important component of the base excision repair system, which is the predominant DNA repair pathway for small base lesions resulting from oxidation and alkylation damage [27] . The gene is located on chromosome 19q13.2-13.3, which has 32,354 base pairs and consists of 17 exons and 16 introns. It encodes a 70-kDa scaffolding protein consisting of 633 amino acids, which coordinates numerous protein-protein interactions, including with DNA ligase III and DNA polymerase at the site of damage [7, 28] . More than 300 validated single nucleotide polymorphisms in the XRCC1 gene were reported in the dbSNP database (http://www.ncbi.nlm.nih.gov/SNP), among them, rs25487 in XRCC1 codon 399 of exon 10 was the most extensively studied polymorphic site. Recently, meta-analysis studies have reported that XRCC1 Arg399Gln variant was associated with the risk of certain cancers, such as breast cancer [29] , nasopharyngeal carcinoma [30] , cervical carcinoma [31] and glioma [32] . In this paper, we performed a systematic literature review to comprehensively evaluate the association between sequence variants in XRCC1 Arg399Gln and the risk of squamous cell carcinoma of the head and neck. We also estimated the possible effect modifications by source of control, ethnicity of subjects, tumor site and HWE in control. In summary, we did not observe an association of XRCC1 Arg399Gln polymorphisms with HNSCC risk in the total population. Our findings are consistent with the previous metaanalysis study [5] .
HNSCC includes tumors from different sites including oral, pharynx and larynx region, risk factors for these cancers may be different. For example, oral cavity and laryngeal cancers are mainly associated with tobacco use and alcohol consumption, while oropharyngeal cancers are principally related to viral infection, such as human papillomavirus (HPV) [33] . Unlike the HPV-negative oropharyngeal cancers, the HPV-positive subset is Recently, HPV has been recognized as a good prognostic factor in head and neck cancer, which has been attributed to several mechanisms, including absence of field cancerisation and increased sensitivity to chemoradiation therapy [34] . When subgroup analyses were conducted by tumor site, the subjects carrying Gln/Gln genotype had an increased risk in larynx squamous cell carcinoma subgroup. There was no association of XRCC1 Arg399Gln polymorphisms with oral squamous cell carcinoma. We did not perform subgroup analyses on other tumor sites, owing to unavailable data. Considering that the frequency of the XRCC1 399 Gln allele variant is significantly different among different ethnic population. Allele frequency patterns of XRCC1 Arg399Gln polymorphism vary greatly among major ethnic groups. The frequency of Gln allele was more than 0.3 in Caucasians [35, 36] , but less than 0.2 in Asian population [37, 38] . When stratified by ethnicity, we observed an association of XRCC1 Arg399Gln polymorphisms with HNSCC risk among Caucasians, but not among Asian population. Different ethnicities cancer susceptibility associated with the XRCC1 Arg399Gln polymorphisms was also observed in previous meta-analyses of lung cancer and breast cancer [35, 39] . This discrepancy among different ethnicities may be due to the different genetic backgrounds in these populations, subsequently leading to different genetic susceptibility to the same disease.
It is widely acknowledged that deviation from HWE may point to methodological weaknesses, such as biased selection of subjects or genotyping errors. The results of genetic association studies might be spurious if the distribution frequency of genotypes in the control groups was not in agreement with HWE [40] . To address this problem, subgroup analysis was conducted in this study by HWE in controls. When the study [13] that significantly deviated from HWE was excluded from this present analysis, we did not observe a substantial modification of the results, suggesting that this factor might not have effects on the overall estimates in the current meta-analysis.
This meta-analysis should be interpreted within the context of its limitations. First, only published articles were included in this study. Therefore, publication bias is very likely to occur. To address this issue, Egger's test and Begg's test were conducted. Our results indicated that the likelihood of key publication bias might not be present in this meta-analysis. Secondly, each study had different eligibility criteria for subjects and different source of controls, which should be taken into account while interpreting the combined estimates. When subgroup analysis was performed by source of control, we observed any association between XRCC1 Arg399Gln polymorphisms and HNSCC risk neither in hospitalbased control nor in healthy population-based control. Thirdly, the summary odds ratios were based on individual unadjusted estimates, while a more precise analysis might be performed if detailed individual data were available, which could allow for an adjusted estimation by sex, age, tobacco use, alcohol consumption and environment factors. In addition, the study number was limited and the sample size was relatively small in subgroup analyses, as a consequence, our estimates of the association in subgroup analyses might have occurred by chance. Thus, the results must be interpreted with caution. In conclusion, this systematic review demonstrates that XRCC1 Arg399Gln variants appear not to be a risk factor of HNSCC in the total population. However, XRCC1 Arg399Gln variants might be a potential risk factor for HNSCC among Caucasians and for larynx squamous cell carcinoma. Large scale studies with the pooling of individual study data should be taken into account in the future studies to verify the results from this current metaanalysis. 
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